This short paper motivates and introduces the tutorial on MGS and spatial computing presented at UCNC 2012.
Spatial Computing
The notion of space appears in several application domains of computer science. Spatial relationships are involved in computer aided design applications, geographic databases, image processing. . . to cite a few. In these applications, space and spatial organization arise as the purpose or the result of a computation.
On the other hand, space can also play the role of a computational resource (e.g., in parallel computation) or of a constraint to the computation itself (e.g., in distributed systems).
Spatial Computing is an emerging research field that recognizes that space can be an input to computation or a key part of the desired result of the computation [6, 3] . Computations are performed in space and concepts like position, distance metric and shape matter. Space is then no longer an issue to abstract away, but a first-order effect that we have to make explicit in programs, to use, produce or optimize.
Spatial Computer in Physical Space
From the point of view of the computing devices, spatial computers are collections of local computational devices distributed through a physical space, in which: the interaction between localized agents is strongly dependent on the distance between them, and the "functional goals" of the system are generally defined in terms of the system's spatial structure (e.g., formation control in robotics, self-assembly, etc.).
Not all spatially distributed systems are spatial computers. The Internet and peer-to-peer overlay networks may not in general best be considered as spatial computers, both because their communication graphs have little relation to the Euclidean geometry in which the participating devices are embedded, and because most applications for them are explicitly defined independent of network structure.
Spatial computers, in contrast, tend to have more structure, with specific constraints and capabilities that can be used in the design, analysis and optimization of algorithms.
Systems that can be viewed as spatial computers are abundant, both natural and man-made, and blur the distinction between "space as a result" and "space as a resource". For example, in wireless sensor networks and animal or robot swarms, inter-agent communication network topologies are determined by the distance between devices, while the agent collectives as a whole solve spatially-defined problems like "analyze and react to spatial temperature variance" or "surround and destroy an enemy." Similarly, in biological embryos, each developing cell's behavior is controlled only by its local chemical and physical environment, but the eventual structure of the organism is a global property of the dynamic organization of the cellular arrangement.
Abstract Spaces in Computation
The elements of a physical computing system are spatially localized and when a locality property holds, only elements that are neighbors in physical space can interact directly. So the interactions between parts are structured by the spatial relationships of the parts.
However, even for non physical systems, usually an element does not interact with all other elements in the system. For instance, in a program 1 , from a given element in a data structure, only a limited number of other elements can be accessed [11] : in a simply linked list, the elements are accessed linearly (the second after the first, the third after the second, etc.); from a node in a tree, we can access the father or the sons; in arrays, the accessibility relationships are left implicit and implemented through incrementing or decrementing indices (called "Von Neumann" or "Moore" neighborhoods if one or several changes are allowed).
Thus the interactions between the elements of a system induce a neighborhood relationship that spans an abstract space. We will show that the structure of the interactions has a topological nature: the set of elements can be organized through the interactions as an abstract simplicial complex [13] which is a spatial representation of the interactions in the system.
